We report on recent developments in the analysis of nuclear forward scattering (NFS) using the Fourier transformation of measured time spectra. In the frequency domain, it is shown that the lineshape is generally described by the convolution of two intensity factors. One of them is Lorentzian related to free decay. We derived the expressions for the second factor related to the Frenkel exciton polariton formed in Mössbauer media. For stray particles of a powder spread over a 2D surface the particle size distribution can be derived from Mössbauer thickness distribution. The thickness-related lineshape is deconvolved through sharpening the Fourier NFS spectra. The lineshapes in these sharpened spectra are theoretically expressed via the parameters of the particle size distributions. Through fitting the lineshapes with our theoretical expressions the particle size distribution parameters were determined.
Electronic and structural properties of materials were widely studied by Mössbauer spectroscopy in recent 50 years. Nuclear probe placed into deep structure scale interacts with its environment enabling to quantify the hyperfine interactions with unprecedented energy resolution. Cutting edge time domain Mössbauer spectroscopy using a synchrotron source has a potential of even twice better resolution. This is because the synchrotron Mössbauer spectra show no linewidth contribution from radioactive source, and only the linewidth contribution of absorber sample remains. For this reason the spectra obtained in time domain and Fourier-transformed to frequency domain might have narrower linewidths compared to energy spectra measured in velocity scale [1, 2] .
Another attractive feature of the time-domain Mössbauer spectroscopy, to be explored in this work, consists in the possibility of studying the particulate matter. In heterogeneous catalysis studies, tiny particles of catalyst solid matter can be suspended in a gas, as well as filtered off from a gas or from a liquid and deposited on a x-ray-transparent substrate. In every case, important parameters are the lengths of pathways through resonant media, which enter the theoretical description of the nuclear forward scattering scattering [3] . This is due to pathway-dependent dynamic beats [3] , which are composing the NFS time spectra alongside with quantum beats (QB).
In this work, the possibility of obtaining the parameters of particle size distribution (PSD) from NFS is explored. The particles can be placed into the synchrotron beam in a way that excludes the ray shadowing of one particle by another. This is the case of a well-diluted Mössbauer absorber in standard transmission geometry. In the "no shadowing" geometry the chord lengths distribution (CLD) of randomly oriented particles d(ζ ) is equivalent to the resonant-media thickness distribution (RTD). In samples without mixing the resonant and non-resonant media, both RTD and CLD coinside with the thickness distribution d(ζ ) = dS/S, such as was used in analysis of x-ray absorption spectra [4] . Therefore, in case of uniform resonant particles, the relative weight of the particle chords with the length ζ in the distribution d(ζ ) is equal to the relative area of the sample dS/S having the thickness ζ . We thus consider the case of full coincidence between thickness and chord lengths distributions (RTD≡CLD). For example, a single layer of Mössbauer particles spread over a surface. In practice, this is the most effective photocatalysis geometry, when a photocatalyst (e.g., TiO 2 ) is deposited onto a surface in such a way to ensure the full sample volume illumination by light. The TiO 2 -based photocatalysts are frequently doped with Fe species, which soften the light absorption edge.
An approximate solution for the field amplitude of the radiation scattered in forward direction is expressed as [5]:
The index l numerates the nuclear transitions with the energy difference E l of ground and excited states. The factor e −τ/2 describes the free-nucleus decay. The dimensionless time τ = t/t 0 is expressed in units of free decay time t 0 (t 0 = 141.1 ns for 57 Fe). The nuclear absorption coefficient μ l = σ 0 ρ f LM ηw l is expressed using the weight factor w l that takes into account the probability partition between nuclear l-th sublevels split by hyperfine interactions, so that l w l = 1. Other factors are the resonance cross section σ 0 , the density of the resonant nuclei ρ, the Lamb-Mössbauer
